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Abstract. Advanced glycation end products (AGE) include a 
variejy of protein adducts whose accumulation has been im¬ 
plicated in tissue damage associated with diabetic nephropathy 
(DN). It was recenliy dfemenatratcd that among AGE, glycoxi- 
dation products, whose formation is closely linked to oxida¬ 
tion, such as carboxymethyliysine (CML) and pentasidine, 
accumulate in expanded mesangial matrix, and nodular lesions 
in DN, in colocaiization with malondialdehyde-lysme (MDA- 
lysine), a lipoxidatioa product, whereas pyiraline, another 
AGE struenus whose deposition is rather independeiit fiom 
oxidative stress, was not found widiin diabedc glomeruli. Be¬ 
cause CML, pentosidine, and hlDA-lysine are all Ibtmed under 
oxidative stress by carbonyl amine chemistry between protein 
amino group and carbonyl compounds, their colocalization 
suggests a local oxidative stress and increased protein carbonyl 
modifreation in diabotie glomerular lesions. To address this 
hypothesis, human renal tissues from patients with DN or IgA 
nephropathy were examined, with specific antibodies to char¬ 


acterize most, if not all, carbonyl modifications of proteins by 
autoxidatioa products of carbohydrates, lipids, and amino ac¬ 
ids: CML (derived from carbohydrates, lipids, and amino acid), 
pentosidine (derived from carhohydrates), MDA-Iysine (de¬ 
rived fioiti lipids), 4-hytltoxytionafial-pfoteiii adduct (derived 
from lipids), and acrolein-protein adduct (derived from Upids 
and amino acid). All of the protein adducts -were identified in 
expanded mesangial matrix and nodular lesions in DN. In IgA 
nephropathy, another primary glomerular disease leading to 
end-stage renal feilure, despite positive staining for A4DA- 
lysine and 4-hydroxynonenal-proteini adduct in the expanded 
mesangial area, CML, pentosidine, and acralein-protcin adduct 
fanmunoreactivities were only feint in glomeruli. These data 
suggest ft broad derangement ia nonensymatic biochemistry ia 
diabetic glomerular lesions, and implicate an increased local 
oxidative stress and carbonyl modification of proteins in dia¬ 
betic glomerular tissue damage (“carbonyl SttBsa"). 


Diabetic nephropathy (DN) has become one of the main causes 
of end-stage renal disease. Although aeveral lines of evidence 
have suggested that poor glycemic control undoubtedly plays ft 
sisnificant cole (1,2), the metabolic events responsible for its 
development are not well understood. Possible mediators of 
untoward elTects of hypergiyeemia include advanced glycaticn 
end products (AGE) generated by the Maillard reaction 
tiirough nonenzymatic glycation of protein amino groups (3). 

AGE accumulate in plasma and tissue proteins of diabetic 
patients (4,S), and their accumulation is conclated with the 
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severity of diabetic complications (6,7). Several lines of evi¬ 
dence suggest that AGE may be involved in the development 
of glomerular lesions of diabetes (8—tO). AGE modificatioir 
indeed alters the structure and fimclion of matrix tissue pro¬ 
teins (3) and, more interestingly, AGE-modified protemi; stim¬ 
ulate a variety of cellular responses (11—13) via a ^ecific cell 
surface receptor (14,15) on several cell types including glo¬ 
merular mesangial cells (16—18). 

AGE comprise a variety of molficular structures, such as 
^•(cafboxymethyljlysine (CML) (19), pentosidine (20), and 
pyiraline (21), characterized by diffeent formation mecha¬ 
nisms. We recently demonstrated feat glycoxrdatibn products 
(22), a subclass of AGE that requires both glycation and 
oxidation for their formation such as CML and pentosidine, 
accumulate in expanded mesangial matrix and nodular lesions 
in DN, in colocalization with majondialdehyde (MDA)-lysmc, 
a lipoxidatipn product (10). Howcrvcr, pyrtaline, another AGE 
Structure whose deposition is rather independent from oxida¬ 
tive stress, was not found within diabetic glomeruli (10). 
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Under pxidative: sffoss, proteins m^y be modified either 
directly by reactive oxygen species with the eyentnal fonnationi 
of oxidized aitiino acids or indirectly by reactive caibonyl 
compounds formed by autoxidation of carbohydrates, lipids, or 
amino acids, iBotli glycoxidation products and MDA-lysiae are 
indeed products formed by carbonyl amine chemistiy between 
protein amino group and carbonyl campoimds denved from 
autoxidation of carbohydrates and lipids (23-25). Autoxidation 
of carbohydrates yields reactive carbonyl corapounds, precur¬ 
sors of glycoxidation products, such as glyoxal (23). mtthyl- 
glyoxal (26), and glycolaldehyde (24). as well as deby- 
droascorbate formed on oxidation of ascorbate (27,28). Lipid 
peroxidation of polyunsaturated fatty acids yields other reac¬ 
tive carbonyl compounds. Some are identical to those formed 
from carbohydrates (29), such as glyoxal and methylglyoxal, 
and others are characteristic of lipids, such as MDA, 4-hy- 
droxynoneiial (HNE), and acrolein (30,31), The latter reactive 
carbonyl compounds produce lipoxidation products, MDA- 
lysine, HNE-protein adduct, and acrolem-prqtcin adduct, also 
termed advanced Itpoxidaiion end products, Tlie hydioxy- 
atnino acids t-serine and L-threoninc are also oxidized and 
converted to reactive carbonyl corapounds, such as glycolal- 
dehyde and acrolein, which are highly reactive witli proteins, 
leading to formation of CMX. and acrolein-protein adducts 
(.32), respectively. 

We therefore hypothesized that the localizations of glycoxi- 
dation products and MDA-lysine, both of which are closely 
related to oxidative process, arc independent evidence for a 
local oxidative stress and increased carbonyl raodifi cation of 
proteins in diabedc glomerular lesions. To address dtis hypoth¬ 
esis, human renal tissues from patients with UN or IgA ne¬ 
phropathy (igA-N), another primary gloinenrlar disease lead¬ 
ing to end-stage renal failure, were examined with specific 
antibodies to characterize carbonyl modification of proteins by 
autoxidation product® of carbohydrates, lipids, and amino ac¬ 
ids: CML (derived from oarbohydiates, Iqsids, and amino acid), 
pentosidioe (derived from carbohydrates), MDA-lysine (de¬ 
rived from lipids), 3EfKE-proteia adduct (derived from lipids), 
and acrolein-protejn adduct (derived fiom lipids and amino 
acid). Here, we provide evidence for an increased carbonyl 
raodificatioft of proteins by autoxidation products of carbohy¬ 
drates, lipids, and amino acids in diabetic glomerular tissue 
damage, implicating a broad derangement hi nonenzymatie 
biochemistry in diabetic glomerular lesions, 


Materials And Methods 

/■fltfenfs 

Open renal biopsy specimen.^ were obtained from 15 non-msuHn- 
dependent diabetes cneliitus patients with DN and 15 patients with 
!gA-N. Characteristics of the study papuledon atv summarized in 
Table 1. The presence of DN or IgA-N was confirmed by histologic 
evaluation of renal biopsy speennena, suoh as light njicrtafWpy, 
electron roicroscopy, and immunofluorescence staining. No patients 
received steroids or imfmitiosupjnessivc drags before renal biopsy. 
Control samples ware also obtained from five subjects using nnin- 
volved portions of surgically removed kidneys afflicted with malig¬ 
nancies. These subjects had no ■urinary abnormalities, and histologic 
examination of eontro! tissues excluded any glomerular diseases. The 
study was approved by the Human Research Cammittee of Tokai 
Univixsity School of iVledicincv end informed consent to open renal 
biopsy and immunohistouhemlcal studies was obtained from each 
patient. 

On tho basis of light inioroscopy findings, diabetic patients were 
divided into tlircc grades (33), as shown in Figure lA: grade I (six 
patients) had mild mesangial expansion, grade II (six patiertts) had 
moderate mesangial expsttsion, and grade Hi (three pau'ents) had 
severe mesangial expansion with KinnneTstief-W'ilscai trodules. The 
cUnieal data of each group of DN are summarized in Table 2. Patfents 
with [gA-N were also divided into Sireo gtjjdes (Figure IB) secording 
to the modified definition of the clinioal guideline of IgA nephropathy 
from the Ministry of Healdi aird Welfare of Japan and the Japanese 
Soeitiy of Nephrology (34): grade I (five padenta) had slighily mes¬ 
angial cell proliferation and raesangial matrix expansion, grade JI 
(five patients) had diffuse mesangia] cell pranferetion and matrix 
expansion, and grade HI (five patients) had severe, diffuse njcaangiol 
cell proliferation and marXed matrix expansion. The clinical data of 
each group of IgA-N are sumiUBrized in Table 3. 


/(rjfibot/r'es 

The antibodies used in the present urmuniohistooliemistiy are sum- 
nnni^ed in Table 4. They include anti-pentosidine rabbit IgG (10,35), 
anti-HNE-protein adduct rabbit IgG (36), unti-MDA-lysinc mouse 
riinnoclonal IgG (a gift from Dr. Joseph L. Witztum, University of 
Californta-San Oiego) (37,38), Miti-acrolein-protein adduet mouse 
IgG (31), and monoclonal atiti-AGE mouse IgG (39,40), llie major 
cpitopo-strucdire of which was recently identified as CML (2S,41). 
These antibodies recognize distinct structures and do not cross-ieact 
with 'the other structures, as demonstrated by inununoblot analysis 
( 10 ). 


JbWe /. Clinical parameter® of patiants andl healthy subjects* 


Group 

Age 

(yr) 

Serum 

Ctcatiriine 

(mg/dl) 

Total Protein 
(g/dl) 

Fasting Plasma 
Glucose 

(mg/dl) 

Urinary 

Protein 

(g/d) 

Creatinine 

Clearance 

(fnl/min) 

DN (n = 15) 

44.2 ± 10.9 

1.06 ± 0.41 

6.10 ± 0,74 

155.3 + 41.2*’ 

2.18 ±2.59' 

82.5 ± 32.9 

IgA-N (« = 13) 

4S.g ± 7.6 

1.49 ± 0.91 

6.58 ± 0.68 

86.0 ± 6,0 

1.15 + 0.76 

65.4 t 17.3“’ 

Healthy subjects (n = S) 

48.2 i: 2.5 

0.82 ± 0.21 

6.82 ± 0,58 

90,6 ± 10.3 

0,04 ± 0.01 

95.2 ± 4.6 


“ Data are expressed as moan fr SD. DN, diabetic nephropaihy; 7gA-N, IgA nephropatiiy, 
A < 0,005 wr.rus healthy subjects. 

' f" < 0.05 verstis healthy subjects. 
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Figure L Representative light tnicroscupic pictures of glomcnili frtnn patients with diabetic nephropathy (DN) (A) or IgA nephropathy (fgA«N) 
(B). Tissue sections from patients with DN were stained by Penodip aetd-Schi if and divided into three grades according to the degree of the 
mesangial matrix expansion (33): grade I (top panel in A), mild; grade 11 (middle), modcTB-ts; gr^d^ iU (bottom), severe with Kuomclstfcl- 
tViJson noduies, IgA-N tissue secrioas were divided into three grades according to the degroo of the mesangial ceil proliferation and rn^saTtgial 
mutris cA:pans)on (34): grade I (top panel in B), sh'Sht; H (middle), diffuse; grade ID (bottom), scyrao. ?^200^ 


Table 2. Clinical of patients witibi 


Histologic 

Grade 


Age 


(yr) 


Known 
Puration of 
Diabetes 

(yr) 


Senm 

Ccaitiiiinc 

(mg/d!) 


Total FasSng Plasma 
I^tcan Glucose 

(g/dl) (mg/dl) 


HbAlc 

(%) 


Urinary Creatinifie 

Protein CleKitince 

(g/d) (mVmin) 


DN I (n = 6) 3S,S S 7.6 10.3 ± 5.7 0,73 ± 0.12 6.62 £ 0.56 152.8 ± 37-1 8.97 ± 1.75 0.27 ± 0.25 93.8 ± 25.5 

DN U (« = 6) 47.S ± I3.S S.O ± 5.9 1.05 S.9Z ± 0.59 167.2 ±Sl.S 9.35 ± 2,03 1.95+ 1.28' 91.8 + 32.5 

DN m (7! == 3) 49-0 + 7.9 10.7 + 9.0 J.73 + O.aT'-' 5.23 ± 0.35'’ 136.7 + 35.5 10.40 + 3.75 646 + 2.03^ 41.3 ± 8.6'’'' 


“ Data are expressed as mean. ± SD. 
" P < 0,01 vemis DN 1. 

' 7” < 0.05 versus DN I. 

'^P< 0.001 versus DN 1. 

<' P< 0.001 versics DN It. 

^P < 0.05 versus DN 11. 


iTnmimdhistachdTnistry 

Renal biopsy spcoimEiis were sectioned at 4 siin and Hxcd widi 4% 
puTBfOrniaJdcbyde in plrosphate-bulliaGd saline (PBS) on ice fta- 15 
min. Aftw washing with PBS, the scctiens were bloclsed with 4% 
skim milk for 00 min at room temperature and suhsequencly incubated 
with either anti-AGE (CML), anti-pentosidinE, anii-aorolcin-protciu 
adduct, anti-MDA-lysinc, or entiTHNE-protcin adduct antibody at4‘’C 
□veniigliL After washing wjth Tris-skline buffer ctHtWiniilg 100 ffilW 


NaCl and ISO raM Tris-HCJ, pH 7.5, the sccticms were dehydrated 
through graded etlianol, incubated in methanol with 0.3% at 
room tsinpeiature for 20 min to block endogenous peroxidase, and 
washed three times with Trls-saline bptffer with 0.02% Tweca 20 
(Wafco Pure Chemical Industries, Osaka, Japan). The sections for 
anti-CML, anti'acrolciti-pintcm adduct, or anti-MDA-Jysine antibody 
were incubated with rabbit anti-mouse TgG conjugated widi peroxi¬ 
dase (Dako. Glostnip, Denmark), and the sections for anti-pentosidlne 


PM3006739493 


Source: https://www.industrydocuments.ucsf.edu/docs/krnx0001 



11/13/2002 11:08 FAX 310 208 5971 


INFO 6 


@015 


} Am Soc Neplu«l 10; 822-832, 1999 


InereoRqel Carbonyl Strss in Diabetic Keplu'apatby 825 


Table S. Clinical parameters patients with. IgA.*N® 


Histologic Gr^dc 

Age 

(yr) 

Scnirn Creatinine 
(mg/dl) 

Total Prtjt^n 
(g/di) 

Urinaiy Protrin 
(g/d) 

Creatminc Clcaranee 

(mPrain) 

IgA-N I Cn = 5) 

43.2 ± 4.7 

0.86 ± 0.17 

6.24 ± 0.74 

0.47 ± 0.42 

76.6 ± 6.8 

IgA-N n (n = 5) 

47.4 ± 7.4 

I.10:fc0,24’’ 

6.58 ± 0,S4 

1.33 2: 0.91= 

62.8 ± 9.0 

IgA-N ai (ft = 5) 

46.8 ± 10.5 

2.S0 ± 0.91'* 

6.92 ± 0,70 

1.64 ±0.29= 

50.3 ± 19.5= 


Data are estprbSSed as mean + SD. 
“ /“ < 0.00 i versus IgA-N I. 

“ P < 0.05 uerstis IgA-N 1. 

'‘P< 0,005 versus IgA-N li. 

' P < 0.01 versus IgA-N 1. 


Table 4. Antibodies used in the pitsect study" 

Antibody 

Epitope (Origin) 

Anti-pentosidine rabbit IgG (10, 35) 

Anti'AGE mouse IgG (39, 40) 

Anti-MDA-lysine mouse IgG (37, 38) 
And-HNE-protein adduct rabbit IgG (36) 
Anti-acrolem-proteiii adduct mouse IgG (31) 

Pentosidine (carbohydrates, ascorbate) 

CML (carbohydrates, ascorbate, PUFA, t-scrine) 
MDA-Iysine (PUFA) 

HNE-protein adducts (PUFA) 

Aciolejn-pratein adducts (PUFA, L-fhreonine) 


° AGE, advanced glyoation end product; CML, carbojtymcOiylly&in^ PUFA, polyunsatemteil fatty acids; MDA, malotidialdsdiyde; KNE, 
4-hydroxynnnenaL 


□r anri-HNE-proJein adduct antibody were incubated wiSi swine anti¬ 
rabbit IgC conjugated with pcro,sidase (Dako). Aftar washings with 
Tris-salinc buffer conlftixiing Tween 20, they were developed by 
reactions with 3,3Adiafnineben2idirie solution containing 0.03% 
HjOj, followed by the countersteining with hematoxylin. Itmauno- 
staining fim intensity was independently evaluated by three observers 
and gradod blindly as trace {±'), weak {+), and strong ( + +). Com¬ 
petition experiments to confirm the specificity of immvmDStaining 
were performed with anti-CML. artti-pentosidine, anli-HNE-prOtein 
adduct, auti-MDA-lysine, or anti-acrolein-protcin adduct antibody, 
which had been preincubated with an excess of CMI^bovlne serum, 
albumin (BSA), pentesidine, HNE-BSA. MOA-BSA, or acrolcin- 
BSA, vespectiveiy, for 4 h at 37°C, as described previously 110,35). 
NonimmunB rabbit or mouse IgG was used as a negative control. 

Results 

Results of immimohistocliemical studies in renal tissues 
from control subjects and tirom patients with DN or IgA-N ato 


summarized in Table 5. We fbemted on the inununnsminiitg 
within the glomerulus. 

Tlie antibodies for CML IFigure 2A, left panel), peatosidine 
(Figure 2A, riglrt panel), MDA-lysine (Fignie 3A, left panel), 
HNE-protein adduct (Figure 3A, right panel), and acrolem- 
proteiiL adduct (Figure 4A) did not stain the glomssiuli in 
normal renal tissues tiom all ti.ve control subjects. 

DN is chsracterined by an expanded mesangial matrix, a 
thickened capillary wall, and nodular ditposits. In renal tissues 
of DN patients, glomemli were stained positive for CML 
(Figure 2B, left panels), pontosidine (Figure 2B, panels), 
MDA-lysine (Pigure 3B, left panels), HNE-pfoCein adduct 
(Figuio 3B, right panels), and acrolein-protein adduct (Figure 
4E) in all of the DN patients. Immunostaining was mainly 
observed in the expanded mesangial area and capillary walls- 
Nodular lesions -within the glomeruli were also strongly stained 


Table 5. Results of inununostaiiimg for giycoxidation products, Hpoxidafion products, and acrolein-protcin adduct in healthy 
subjects and patients with DN or IgA-N® 


Group 

Grade 

CML 

Pentosidine 

MDA-Lysine 

ttNE-Protsdn Adduct 

Acrolein-protein Adduct 

Healthy subjects 


db 


■±_ 


± 


r 


+ 

+ 

±-S' 

±—h 

DN 

u 


-b-- + + 

H—--h4- 

+ 

"h 


L in 

H—+-f- 

-f-b 



-f-i- 


r I 

+_ 




4; 

IsA 

n 


± 

±~-i- 

±—)- 

4; 


L in 


■4- 

H-f-4- 

4—++ 



“ Abbreviations as in Table 4, 
±. trace; -H, weak; + +, stnjtig. 
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„.»„d ,.n.l a».a. (A) DM (B »d C). Tl» CML md P™'™*"" “““ t»d.) ..i 1. 

in the glomeruli of DN (B), both CML and pentosidmc were stamod positive m the expand^ m angi i p or anti- 

nodatar Itsbns (bottom). The ^ecifidly of imimmostsiniuB was 

pentosidinc antibody preinoubated with an exorss of CML-bovine .erum albumin Pff ^ 

^th cither enii-CML or anti-pentasidme antibody in (hoptftrnnoc of eompetitort (C). Magnificaoon. X200, 


positive for all five biomarkers CFiauies 2. 3, and 4B, lower 
panels). The intensity of their unniunostainiTigs appeared to 
increase widi the histologic and clinical severities of DN” (Fig' 
we lA and Table 2), Imwuiiostaining was specific as demon¬ 
strated by its complete inhibition in the presence of an excess 
of compeEitore (Figuiss 2 through 4C). No imnnmorsaction 
was observed with no nimm une mouse or rabbit IgG (data not 
shown). 


In renal tissues from patienfa with TgA-N, glfflliemli 
with both anti-MDA-IysioB (Figure 5, left panels) and and-Ip©- 
protdu adduct antibodies (Figure 5, right panels). Immui^tauu^ 
was mainly observed in the erpanded mesangial area and v^cular 
poles. Ttie intensity of ihe iminiaTioistainiiig for MDA-Iysloe and 
HNE-protein adduct appeared to increase NVitfa. the histologic an 
nhmcal severities of IgA-N (Figure IB and Table 3). By contrast 
CML (Figure 6, left panel), pentasidrne (Figure 6, middle panel), 
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Figure 3, !m«iur.ohi.(ocSemical detection of HpONidaHoo product!, malondiddchyd^lysine (MDA-lysinc) (left pjmel), 

[HNE)-protein adduct (right), in normal renal tissues (A) or DN (E and C). Die MDA-lysine and H^-^tWti uct im o ' ’ nosltivc 

the gloLnili in control subjects (A), to die glomeruli of DN (B). however, botli MDA-lysinc «nd ® 

in the expanded rocsmigiftl area (top and middle panels) and in nodular lesions (bottom). Glomeruli did not stam wift eith^ ^n-MDA4y m 
or anti-HNE-proUrin adduct antibody in the presence of an e>iceas of PrIDA-BSA nr HNE-BSA. respectively (C). Magnification, x200. 


and ajcrolein-protein sddopt (Figure 6, ri^t panel) imnaroareac- 
tivitifcs were only faint in glomenili. 

Discussioti 

Giycoxidatigia products arc ooiUlbiaed pTodnete of glycation 
and oxidation of piateiiis, wtereas Hpoxidation products and 
acrolein-protein ^duot arc oxidation-specific lipid- and/or 
amino acid-protein adducts. Glyooxidation products, lipoxida- 
tion products, and acrolrin-proloin adduct were identified im- 


munohistochemicnlly in the characteristic DN lesions, i.e., in 
the expanded mesangial matrix and in nodular lesions. Dis 
pattern is specific for UN: Glycoxidation product, Hp<mdation 
product, and acrolein-protein adduct immunoreactivitics were 
only faint in normal glomeruli fijoni control subjects, and 
glycoxidation product and acrolein-protein adduct immimote- 
activitiBB woe faint in glomeruli fi-om patients with IgA-N. 

The antibodies used in the presmt smdy recognize distinct 
structures and do not cross-react with liie other structures. 
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Figure 4. Immunohiytochemica) detection of aorobm-proitan adduct 
in normal renal tissues CA) or DN (B and C), The Hcrotein-protein 
adduct antibody did not stttin Ute glqmenili in conttal subject!; (A). By 
contrast, acroloin-pTotein adduct was stained positive in the expanded 
mesangial area (top and middle panels) and in nodiilat lesions (bot¬ 
tom) of dN (B). Glomeruli wens not sblined with anri-acrolrin^jrotcift 
adduct antibody in £b= presence of an excess of aoro(cin-E$A (C). 
Magnification, ;<200. 


Therefore, the distnbutioiis of all of tbe protein adducts formed 
by carbonyl amine chejrpisiiy in DN are independent measures 
tor an increased oxidative stress and caibonyl modification of 
proteins. Under conditions of enhanced oxidative stress in 
diabetic glomerular lesions, oartwhydrates, lipids, and amino 
acids might be amoxi^d by jeactive oxygen species and con¬ 


verted to reactive carbonyl compounds, which, in turn, react 
with proteins, leading to fiamation of glyctsiidation prodiicE, 
lipoxidation products, and acrolein-prqtein adduct on proteins. 
The increased protein niodificatioii with reactive carbonyl 
compoBtids derived fiorn nutoxidation products of carbohy¬ 
drates, lipids, and amino acids would be described more ap- 
pic^riately as “carbonyl stress," rather than advanced glycation 
or oxidative stress alone. 

In addition to the noneraymatic mechanism, of the fbimation 
of reactive carbonyl compoimds, the segmental nature of the 
immunostaining, e.g., CML and acrpleia-protein adduct, may 
have to do with an enzymatic mechanism of the ibmiatLOn of 
reactive carbonyl compounds based on glycolaldehydo and 
2-hydroxypropanal fbtmation upon action of myelopcrexidase- 
mefiated SCrecker degradation of serine and thraonine (32). 
This additional mecbanisni of CML and acrolein-profein ad¬ 
duct fomiatlcm further supports the concept of a localized 
oxidative stress. 

Proximal renal tubular cells were stained positive for pen- 
to.sidmo and MDA-lysine in normal renal tissues and in renal 
tissues frombodi DN and IgA-N. As described previously (10), 
detection of these adducts within proximal tubular cells might 
reflect the tubular reabaoiption of firee-fonn adducts (42,43). 
We indeed demonstrated that eireulating ffae-ftmta peatosidine 
is continuously filtered tiirough the glomerulus sad reabsorbed 
by the praximal leaal tubule in rets administered mtravenously 
with fiee-foim pentosidtne (42-44). 

la renal tissues ftom IgA-N, MDA-lyaiae and HNE-proteiir 
adduct Were stained positive in the expanded mesangiai area, 
whereas CML, pentosidine, and acrolera-protein adduct immu- 
poreaclivities Were only iaiaC in glomeruli. /» vitro studies 
deinon.stratod that the yields of CML, penhpsidiae, MDA- 
lysiae, and HNE-piotein adduct on BSA after incubation for 4 
wk at 37‘’C undci' atmospheric oxygen (taken as an oxidative 
stress), with either lOO mM giuposo (for CML and peatosidine) 
or 20 mM aiaohidonate (for MDA and HNE) in 0.1 M phos¬ 
phate buffer, pH 7.4, Were ~5 nmol, *-‘200 pmol, —10 nmol, 
and ~2 pmol expressed by mg of albumin, respectively (45). 
This suggests that the level qf reactive oxygen species (oxida¬ 
tive strew) necessary for generation of reactive carbonyl com¬ 
pounds from carbohydrates is much higher than that for reac¬ 
tive carbonyl compounds from l^ids. Therefore, one 
explanation for the absence of CML, pentosidine, and oryolein- 
piotein adduct might be that the level of oxidative stress in 
glomeruli of TgA-N might be much lower Chan diat in DN and 
docs not reach the threshold that converts carbohydrates or 
amino acids to reactive carbonyl compoands, or not reach the 
levels detectable by die present immunahktochentical laeth- 
ods. If the latter is the case, the glomerular lesions in IgA-N 
also appear to be a statu of increased carbonyl stress, Altema- 
tively, some unknown mechanisms may exist in IgA-N to 
detoxify the reactive carbonyl compounds deiivcd from hydro¬ 
philic caibohydrares and amino acids, but not &om hydropho¬ 
bic lipids. More studies Will be requited to address the issue of 
the presence of carbonyl stress in IgA-N. 

The pathologic significance of carbonyl stress in diabetic 
glomerular lesions is another issue of particular interest. Two 
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possiblft mechanisms should be considered regaiding the role 
of carbonyl stress in glomerular tissue damage. First, the final 
protein addusts resulting from carbonyl stress, such as AQE- 
modified proteins, stimulate a variety of cellular responses 
including glomcmkr mesangial cells (16,171. AGE indeed 
stimulate fibrotiectin (16) and type IV collagen (17) synthesis 
in cultured human or mouse mesangial cells. Second, carbonyl 
stress not only induces an inflammatory response, but also may 
have direct biologic effeets on parenchymal cells. Reactive 
carbonyl compounds and residuil carbonyl groups on AGE- 
modified proteins react covalently with mattisi tissue proteins 
and alter tlte sstiwture and fraction of matri?: tissue proteina. 
Or, tiiey react with coll surface proteins arid stimulate cellular 
respon.sea by cros.9-lirikmg of cell sur1&« proteins (46,47). A 
number of mtraocllular proteins are phosphorylatcd on tyrosine 
residues in murine thymocytes exposed to reactive carbonyl 
compounds, such as MDA, glyoxal or HNE (48), These data 
indicate that the interaction of reactive earisonyl compounds, 
either free or proteln-boimd, widi cell surface membrane pro- 
terns can induce intracellular responses. lu this study, we have 
shewn evidence for an increased carbonyl stress in DN using 
inununokistochemical staining. Additional studies Ibat exam¬ 
ine directly evidence for the relationship between carbonyl 
stress and pathogenesis of ON arc therefore wanranted. 

The carbonyl stress theory in diobetic glomerular lesions 


Would provide a usefhl insight to the treatment of diabetic 
glomemlar tissue damage. If the generation of reactive car¬ 
bonyl compounds is not a mere result of oxidative stress but i$ 
an active contributor to the peihogenesis, an inhibition of 
carbonyl group reaction with proteins might prevent tissue 
damage. We demonstrated that 0,pB-pi95 (i2-iscipnjpyli- 
denchydrazono‘4-oxo-thiazoUdiii-5-ylacetanilide), a drag that 
belongs to a group Of thiaxoKdine derivatives (49), as well aS 
amiaoguanidine (50), inhibit the formation of Schiffbase and 
eventually all of the protein adducts formed with reactive 
carbonyl compounch;, including glycoxidation products and 
Hpoxidation products (45,51,52). Both contain a hydrazine 
nitrogen atom that reacts wilh carbonyl groups, directly or via 
flie base upon hydrolysis, to form hydrazone. These com¬ 
pounds are theicfore thought to enfrap reactive carbonyl com¬ 
pounds, either free or attached to proteins. Indeed, aminogua- 
nidinc given to str^tozotocm-induced diabetic mice (53) or 
OPB-9195 given to Otsuka-Long-Evana-Tokusbima-Fatty 
(OLETF) rats (49), a model of nou-jnsulm-dependent diabetes 
mellitus, reduces urinary albumia excretion as well as mesan¬ 
gial expansion in the glomeruli. Undoubtedly, more studies 
will be required to test the usefulness of reactive carbonyl com¬ 
pound ii^ntr^ipifig in the tFcatment of diabetic glomerular tissue 
damage. 
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Figure 6, Immunohistochemical detection of glycoxidation products, CML (left panel) and pentosidins ^middle), and aciDlan-proieili adduct 
(right) in lgA*N. Tlie CML, paitosidinc, and acfolein-protrin adduct antibodies did not stain the glommlli of IgA-N. Magnification, X200. 


Acloiowledgmu^nts 

This study 'vas supported by Reseaich for the Future Program of 
the Japan Society for the Fromoiion of Science (9bLfl0303) and by die 
Japanese Ministry of Welfare for Research on Health Services (HIO- 
079). 

References 

L Tile Diabetes Control and Compliesrions (DCCT) Research 
Group; Effect of inbsnswo therapy on the development and 
progression Of diabetic nephropathy in die diabetes control and 
complications trial. Kidney Int 47: 1703-1720, 1995 

2. BaiigsCad HJ, 0stcrby R, Dahl-Jorgetiseo K 7 Berg KJ, Hartmann 
A, Hanssen KF; Improvement ofblood glncoss control in IDDM 
patients rcturda die progression of morphological changes in 
early diabetic nephropathy. Diabetabpgia 37: 483-490, 1994 

3. Brownlee M, Ccnimt A, Vlas-sara H; Advanced glyeosylation 
end products in tissue and the biochemfenl basis of diabetic 
complications. Ai J'Afetf 318: 1315—1321, 1988 

4. Dyer DG, Dunn JA, Thorpe SR, Bailie K.E, Lyons TJ, McCance 
DR, Baynes IW.‘ Accumulation of Maillard reaction products in 
skin colli^cti in diabetesi and aging. J Clin Invesr 91; 2463—2469, 
1993 

5. Sugiyama S, Miyala T, Ueda Y, Tati^a H, Maeda K, Ka- 
washima S, van Ypra-sclc do StvihoU C, fCuinkawa K: Plasma 
levels of poitosidinc in diabetio patients; An advanced glycation 
end product J Am Sac Nephrtil^: 16S1-1688, 1998 

6. Sell DR, Lapolla A, Odeni F, Fargarty J, Monnier VM; Pento- 
sidine formation in skin correlates with severity of complication 
in individuals widi long standing IDDM. Diabetes 41; 1286- 
1292, 1992 


7. McCancc DR. Dyer DG, Dunn JA, Bailie KE, Thropo SR. 
fiayncs JW, Lyons TJ: Maillatil reaction products and their 
relation to complications in insulin-dependent diabetes ruellttiis. 
J Clin Invest 91: 2470-2478, 1993 

8. Beisswenger PJ, Moore LL, Brink^Johnsen T: Increased cOllag- 
en-litikcd pentoS'dine levels and advanced glycosylation cud 
products in early diabetic nephropathy, J diu Invest 92: 212- 
217, 1993 

9. SlLjukl D, Yagamc M, Naka R, Jiude K, Endoh M, Nomoto Y, 
Sakai H, Arakl N, Horiuehi S; Immunohistoehemioal staining of 
renal biopsy samples in patients with diabetie uephropatiqr fa 
non-insulin dsqiendent diabetes mellitus using monoclonal anti¬ 
body to advanced fitycadon end products. Nepftrology 1; 199— 
20s, 1995 

10. Horio K, Miyata T, Maeda K, Miyaita S, Sugiyama S, Sakai H, 
van Ypstselc de StHhou C, Monnicr VM, Witznini JL, Kurokawa 
K' hnniunohistocheraical eoloculizutipn of glycoxidation prod¬ 
ucts and lipid peroxidation products in dioietic paial glomerular 
lesions. J Clin Invest tOO: 2995-3004, 1997 

11. Vlassam H, Brownlee M, Mature fcR, DinaidJo CA, Pasagian 
A; Cach«tio/TNF and IL-1 induced by glueoSE-niodified pro¬ 
teins: Role in normal tissue Tcmbdeling. Seienca 240: 1546— 
1548, 1998 

1X Miyata T, Tnogi R, lida Y, Sato M, Yamada N, Oda O, Maeda K, 
Soo H; Involvement of pj-mictogldbulin modified with ad¬ 
vanced glyeation end products in the pathogenesis of hcrtiodial- 
ysfs-associated amyloidosis; Induction of human monocyte che- 
motaxis and macrophage gcoretiott of tumor nocrosis factor-o; 
and iuterieukin-1. J Clin Invest 93; 521-528, 1994 

13, Miyata T, lida Y, Ueda Y, Shinzato T, Sco H. Monnicr VM, 


PM3006739499 

Source: https://www.industrydocuments.ucsf.edu/docs/krnx0001 



INFO 6 


@021 


J.1/13/2002 11:13 FAX 310 208 5071 


J Am Sue Mephrol 10; 822—SS2. 19?^ 

Maoda K, WaiJa Y; Monocyte/macropha^c response to 
croglobuTin modified witti advanced glycaden end products. 
Kielney lat 40: 538-550, 5996 

14. Neeper M, Schmidt AM, Brett J, Yan SD, Wang F, Pan YC, 
Elhsoii (t. Stem D, Shaw A: Cloning and expression of 4 cell 
sur&cc receptor for advanced glycosylation end producis of 
proteins../ Biol Chem 267: 1499S-I5004, 1992 

15. Miyata T, Hori O, Zhang J, Yan SD, Ferran L, lida Y, Schmidt 
AM: The receptor for advanced glycatioii end products (RAGE) 
is a cental] mcdititor of the interaction of AGE- /Bj-microgbbuHn 
with huniBT) mononddear phagocytes via an oxidant-seflsitivc 
pathway. J Ciln Invest 9S; 1088-1094, 1996 

16. Sfcoini}; EY, Yang Z, Makita Z. Radoff S, KJtsteln M, Vlastara 
H: Human and rat mesangial cell receptors for gluasse-modified 
proteins: Potential role iii kidney tissue remodeling and diabetic 
nephropathy. J Esp Med 174; 931-939, 1991 

17. Dpi T, Vlassara H, Kirstcin M, Yamada Y, Striker GE, Stnkcr 
LJ; Receptor-specific increase in extracellular matrix productlgn 
in mouse mesangial cells by advanced gjycosyiap'on end prod¬ 
ucts is mediated via platelet-derived growfb faetar, fnsc Hatl 
dead Bel USA 39: 2873-2877, 1992 

IS, Brett J, Schmidt AM, Yan SD. Zou YS, Woidman E, Pinsky D, 
Nowygrod R, NeeperM, Pr.q:siecfci C, Sliaw A, Migheli A. Stern 
D: Survey of the distribution of a newly characterized raceptor 
for advanced glycation end products in tissues. Am J Pathol 143: 
1699-1712. 1993 

19. Ahmed MU, Thorpe SR, Baynes JW; IdcntiScstion of N^-cai- 
boxyrncthyljysine as a degradation product of fructoselysine in 
glycated protein. J Biol Chem 261; 4SS9-4894, 1986 

20. Sell DR, Moiinicr VM: Structwre elucidation of a senescence 
cross-link from human extracellular matrix. J Biol Chem 264: 
21597-21602, 1989 

21. Njorogo FG, Sayre LM, Memtior VM: Detection of glucose-* 
dfiriveti pyrrole compounds during MaillarU rwtction under phys- 
iciogical conditions. Carbo/rydrRes 167; 2II-220, 1987 

22. Baynes JW: Perspectives in diabetes: Role of oxidative stress in 
development of complications in diabetes. Diabetes 40; 405- 
412. 1991 

23. Wclls-Kncoht KJ, Zyzak DV, Litchfield JE, Thoipc SR, Baynes 
JW: Mechanism of aotoxidative glycosylation; Identilication of 
glyoxal and arabinose as intemicdiatcs in the aufoxidatlve mod¬ 
ification of proteins fcy glucose. Biochemistry 34: 3702-3709, 
1995 

24. Glomb MA, Moiinier VM: Mechanism of protein rnodificatlDn 
by glyoxal and glycolaldehydc, reactive intermediates of tile 
Maiilard reaction. J Biol Chem 270: 10017-10026. 1995 

25. Miyata T, van Ypcisclc de Strihou C, Kurokawa K. Baynes JW: 
Alterations in nonensymatio biochemistry in uremia: Origm and 
significance of “eafbonyl stress" in long-tcnn urtinic complica¬ 
tions, Kidney Int 55: 389-399. 1999 

26. Ahmed MU, Frye EE. Thoipe SR, Baynes JW: tV'-Cc^rboxy- 
Tncthyl)lysine, a product of the chctnical modification of proteins 
by methylelyoxal, increases with age in human lens proteins. 
Biochem y 324: 565-570, 1997 

27. Dunn JA. Ahmed MU, Murtia^aw MH, Richardson JM, Walla 
MD. Thorpe SR, Baynes 3W: Reaction of ascorbate witli lysine 
and protein under autoxidizing conditions: Formation offp (oar- 
boxymcthyI)lysinc by teaeSon between lysine and produCW of 
autoxidation of ascorbate. ^locAetnAStr)'29; 10964-10970, 1990 

2S. Miyata T, Wada Y, Cal Z, lidn Y, Hone K, Maeda K, van 
Ypcisolo dc Strihou C: Implication of an incrcBScd oxidnSve 
stress in the tormacian of advanced glycation end products in 


iTicFcAMd Carbonyl Stress in Dialretic Nsplucpaihy S31 

patients wldi end-stage renal foilurc. Kidney Ini 51:1170—T181, 
1997 

29. Fu MX, Ret]uena JH, Jcaikiiis AJ, Lyons TJ, Baynes JW, Thoipc 
SR: The advanced glycation cijd products, JV'-(c«rboxytnBthyl} 
lysine, is a product of lipid peroxidation and glyooxidation lo- 
aclions. y flra/ Chem 271: 9982-9986, 1996 

30. Esterbauer H, Schuer RJ. Zollncr H; Chemistry and biochemistry 
of 4-hydr<nynonenaJ, malondialdehyde and related aldohyde. 
Free Radic Biol Med 11; 81-128, 1991 

3 L. Uchida K, Kancmatsu M, Sakai K, Matsuda T, Hattori N, Suzuki 
D, Miyata T, NoguHii N, Niki E, 0?awa T; Protein-bound 
acrolein; FoteOtial markers for oxidative stress. ProC Uettl Acad 
Sei VSA 95: 4882-4887, 1998 

32. Anderson MM, Hazen SC, Hsu pp, HHnoeVe JW; Human neu¬ 
trophils employ the myelopermcidasc-bydrogen pccoxido-chlo- 
ride syston to convert hydroxy-amino acids Into glycolsldehyde. 
2-hydroxypropanol, and acrolein, J Clin Invest 99: 424—432, 
1997 

33. Suzuki D, Miyazaki M, Jinde JK, Koji T, Ysgame M, Endoh M, 
Nouicto Y, Sakai H; In situ hybridization studies of insirix 
raetaUoprolcinase-3. tissue inhibitor of metailoprotcinase-l and 
type IV Collagen in diabetic nephropathy, Jffdiray Jnt 52: lll- 
119, 1997 

34. Sakai ft, Abe K, Kobayashi Y. Koyama A, Sluganatsu H, 
Harada T, YoshikawaN, Arakawa M, Itoh H, Osawa G. Sdsal O, 
Dobi K, Yamanaka N. Nagasawa T* K.urokawa Kj Climes! 
guidelines of IgA nqjbropathy. Jpn J Nephrol 37; 417—421, 
1995 

35. Miyata T, Tancda S, Kawal K, Ueds Y, Ilorluchi S, Hara M, 
Maeda K, Monnier VM: identifioatiort ofpentosidincas a native 
structure for advanced glycation end products in Pj-ttiicroglobo- 
lin-concainiitg amyloid fibrils in patient? with dialysis-relaicd 
amyloidosis. Proc Natl Acad Sci VSA 93: 2353—2358, 1996 

36. Uchida K. Szwcda LJ, ChCC HZ, Stadetnan ER; Ttatnunocheinical 
detection of d-hydrOxynonenaJ protein adducbi tn oxidized hepa- 
tocytes. Proc NaU Acad Sci USA 90: 8742-8746, 1993 

37. Ifoscnfcld ME. Pnlinski W, Herttula SY, Butler S, Witztum IL: 
Distribution of oxidation specific lipid-protein adducts and atv>- 
lipoprotcin B in alherosclcrofie lesions of vaiying severity from 
WHHL rabbits, ^rreriose/erosfe 10: 336-349, 1990 

38. Palinski W. Herttula SY, Roaenfeld ME, Butler SW. Soctier SA. 
Parthasatby S, Curtiss LK, Witztum JL; Airtisata and monoclonal 
antibodies .spocitic for epitopes generated during oxidative mod¬ 
ification of low density lipoprotein. Arteriosclerosis 10: 325— 
335, 1990 

39- Horiuclii S, Ateki N, Merino Y: ImnibiiocbeinLcal approach to 
charaBterize advanced glycation end products of the Maillsrd 
reaction. d'S/oJ Chem 266: 7329-7332, 1991 

40, Miyata T, Oda O, Inagi R, lida Y, Araki N, Yamada N, Horiuchl 
S. Teniguebi N, Maeda K, Kinoshtta T: ^j'trdtitcslcbulin mod¬ 
ified with advanced glycation end products is a major component 
of hemodialysis-associated amyloidosis. J Clin Invest 92: 1243- 
1252, 1993 

41, fkeda K, Higashi T, Sano H. Jlnnouchi Y, Yoshida M, Araki T, 
Ueda S, Horiuchl S: A'‘-(catboxyme)hyl)lysioe protein, adduct is 
a major immunological epitope ip proteins modified with ad¬ 
vanced glycation end prodpeis of the Mailiard reaction. BieKhem- 
istry 35; S07S-80S3, 1996 

42, Gugliucci A, Bendayan M: Renal IhtB of circulating advanced 
glycated end products (AGE); Evidence for reabsorpdoii and 
catabolism of AGE-peptides by renal proximal tubular cells. 
DiahetoUigta 39: 149—160, 1996 


PM3006739500 


Source: https://www.industrydocuments.ucsf.edu/docs/krnx0001 



11/13/2002 11:14 FAX 310 208 5971 


INFO 6 


13022 


S3Z Journal of die Amcfiuan Society of Ncjitirology 

43. Miyaia T, Ueda Y, Horic K, Najigaku M, Tanaka S, van Ypersule 
de Stnliou C, Kurokswa K; Renal catabolisnl of advanced gly- 
vation end products: The &tc of pentosidine. Kidney }nt 53; 
416-422, 1598 

44. Miyata T, Uoda Y, ShinSMUO T, llda Y, Tsnaka S, Karokawa K, 
van Ypcrsole de Strihou C, Maeda K: Aoounwlation of album in- 
linked and free-fbnn pcntosjdino in ib6 cfrcuIaCion of uioniio 
patients vvitli end-stage Tsnal fkilute; Renal implicatioiis in (he 
pathophysiology of pentosidinc, ./ Am Soc Nephrol 7; TI9S- 
1206, 1996 

45. Miyata T, Inagi R, Asahi it, Yamada Y, HoriO K, Sakai H, 
UEhids (C. Kurpkawa K: Cfeneration of protein carbonyls by 
glycoAidation and lipcccidaiion reactions with autoxidation prod¬ 
ucts of ascotbic acid and polyunsaturated fatty acids. FEBS Lett 
437; 24-28, 1998 

46. Rhodes J; Covalent chemical events in iniTOUne induction; Fun- 
damenta! and thetapeutio aspects, fnimunol Todec/ 9: 436- 441, 
1996 

47. Leonarduzzi C, Svava^za A, Bias! F, ChiatpoUn E, Catnandola S, 
Vogl 5, Poli C; The lipoxidadon end product A-hycfroxy-ljS- 
nonenal up-regulates transiomiing gTO\Vtb factor exprestuun 
in macrophage lineage: A link between oxidative injury and 
fibrosclerosis. FASEB /II: 851-857, 1997 

48. Akhand AA, Kato M, Sueuki H, Hamagtielii M, Miyata T, 
Kurokawa iC, Nakashhna 1: Caitranyl stress mgdifies cell surface 


J Am Sob JSTqjhrol 10; 822 832, 1999 

protein for activating protcjn-fyrosine kinase pdo'-’" / Cell 
BiifOhem 72: 1-7, 1999 

49. NaScamura S, MsWta Z, Ishikawa S, Yasumtira K, Fujii W, 
Yanagisawa K, Kawata K, Koike T; Progression of nephrop¬ 
athy itr spontaneous diabetic rets is prevented by OPB-9195, 
a novel inhibitor of advanced glycatiou. Duihetes 46: 895— 
899, 1997 

50. Btownico M, Vla$sara H, Kooney A, Ulrich P, Ccrami A: Ami- 
noguanidine prevents diabetes-irtdueed aftcrial wall protein 
woss-linkirtg. Science 232: 1629-1632, 19S6 

51. Miyata T, Ueda Y, Yamada Y, Izuhara Y, Wada X, Jadoui M, 
Salto A, Kurokawa K, van Vperseic do Blrihoo C: Accirmulahan 
of carbonyls accelerates the fonnatioii of pentosidinc, ati ad¬ 
vanced glycaticm end product: Carbonyl stress in uremia, J Am 
Soc Ncphml 9: 2349-2356, 1998 

52. Miyata T, Ishikawa S, Asahi K, Inagi R, Suauki P, Horio K, 

Tatsumi K, Kurpkawa K; Z-Isopropylidenehydiazono-l-oxo- 
diiazolidin-S-ylacetamlido (OP13-9195) treahnent inhibits the de- 
vfcloptnent of indmal thiekiiTiing after balloun inj dry of rat carotid 
nrtery; Role of glyeoxidehon and Upoxidation reactions in vas¬ 
cular tissue damage. FEBS Lett 1999, in press 

53. Soulis-Liporola T, Cooper M, Pspazoglou D, Clarke B, Jemins 
G; Betardstipn by amlnoguanidinc of devElopinesjt of albumin.- 
uria, mesangial stpsnsion, and tissue fluorescence in smptezo- 
eln-induced diabedo rat Diabetes 40; 1328-1334, 1991 


This article can be accessed in its entirety on the Internet at 
http;//www.wwilldns,coni/JASN along with related UpToDatc topics. 


PM3006739501 


Source: https://www.industrydocuments.ucsf.edu/docs/krnx0001 



